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Abstract

Work has been ongoing at the NSLS to improve the orbit
stability of the X-Ray Ring by accounting for the thermal
motion of the vacuum chamber, which supports the
electron beam position monitors (BPMs). In-situ contact
measurements of the vacuum chamber motion have been
carried out using support stands that have been designed
and extensively tested to reduce errors associated with
thermal changes in the stands themselves. Using this
chamber motion as a correction to the orbit motion
measured by the BPMs, the precise location of the
radiation beam can be predicted. These predictions are
compared with actual radiation beam measurements on
the experimental floor, and with predictions based solely
on BPM measurements of the electron beam position. This
paper reviews this work including stand design and
performance, chamber motion measurements, predictions
based on these data, and results.

1  INTRODUCTION
In order to stabilize the electron beam position in the
NSLS X-Ray Ring, pickup electrodes monitor the beam
position and are used in the feedback system for
stabilization.  However, the temperature of the vacuum
chamber is a function of time due to radiative heating, and
therefore its motion is also a function of time.  Thus, in
order to stabilize the motion in a stationary coordinate
system it is necessary that both the beam motion with
respect to the chamber, and the chamber motion itself, are
monitored and used in the feedback.  Towards this end a)
motion of the vacuum chamber has been measured and
correlated to the motion of the radiation on the X-Ray
Ring floor, and  b) carbon fiber stands which are
extremely stable and relatively insensitive to temperature
changes within the ring have been designed and tested.
This paper summarizes the results of this work to date.

2  BEAM MOTION
The motion of the beam at the source point of the X28
beamline was measured with a pinhole camera. The
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beam position with respect to the vacuum chamber on two
BPMs just upstream of X28 (BPM 33 and 34) and the first
BPM downstream (BPM 35) was also measured, along
with the horizontal vacuum chamber motion at the three
BPM  locations.  For measurement of the vacuum
chamber motion, linear voltage displacement transducers
are mounted on stands and are used to monitor the
horizontal motion. These transducers have a range of +/-
0.125 inches, and with our readback electronics the digital
resolution is 0.4 microns/count.  Each of the LVDT
devices was calibrated individually throughout its range of
motion, with its cabling and circuitry.

The shift in the electron beam orbit at the X28 source
point can be predicted given the measured change in beam
position at nearby BPMs.  This assumes that the orbit shift
is caused by magnetic field changes elsewhere in the ring.
The magnetic field changes between the BPMs and the
source point must be small.

Three BPMs are needed to accurately predict horizontal
motion at the source point, because horizontal orbit
motion can be caused by a change in electron energy (δ)
as well as in horizontal betatron phase space (x, x′).  A
significant fraction of the closed orbit shift over the course
of a fill in the X-Ray Ring is associated with δ [1].  Given
the 3x3 transfer matrices for x,x′ and δ and the measured
orbit shifts at the three BPMs, the orbit motion at X28 can
be predicted.

Through the course of a 12 hour fill of the X-Ray Ring,
the horizontal motion of the vacuum chamber at BPM 33,
34 and 35 location was about 30, 130, and 160 microns
respectively.  By comparing the chamber motion data with
the BPM data, it is seen that the chamber motion is
reflected in an apparent motion of the electron beam to
varying degrees for the various locations.  For example, at
BPM 34 location, almost all of the electron beam motion
is due to chamber motion.

In Figure 1, the measured horizontal motion of the
radiation beam at the source point is compared with
predictions based solely on the motion of the electron
beam, and also on the movement of both the chamber and
the electron beam with respect to the chamber. The
prediction incorporating the motion of the vacuum
chamber closely mimics the actual radiation beam motion.
These results provide a strong impetus towards real-time
measurement and incorporation of the vacuum chamber
motion into the feedback as a means towards a
significantly more stable beam.
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Figure 1  Motion of the Radiation Beam at the X28 Source
Point at NSLS X-Ray Ring.  The measurements, the
predicted motion based solely on BPMs 33,34 and 35, and
the predicted motion based on both the BPMs and the
vacuum chamber motion at the location of the BPMs is
shown.

3 TRANSDUCER SUPPORT STAND
In order to accurately measure the chamber motion  it is
imperative that the stands which support the LVDT
devices be extremely stable over time, and temperature
insensitive.  In the X-Ray Ring, support stand temperature
changes of a couple of degrees during a fill are seen.
When making measurements on the micron scale, this can
translate to unacceptably large motions due to thermal
expansion of the LVDT support stand. Initially, to null
motion associated with thermal changes, stands of
alternating aluminum and steel telescoped sections were
built and tested.  Aluminum and steel expansion
coefficients are approximately  24. and 18. e-6 inch/inch
°C, respectively.  The relative proportion of each material
was chosen for zero net thermal expansion.  Though this
strategy worked for equilibrium states and very slow
temperature changes, it was inadequate during more rapid
temperature changes.  Subsequent to this, stands
comprised entirely of carbon fiber tubing with a very low
thermal expansion were fabricated and tested.  In order to
measure the carbon fiber expansion coefficient, a
reference invar tube (thermal expansion ≈ 1e-6 inch/inch
°C) and the carbon tube to be measured were both
mounted horizontally on a vertical steel tube, which was
secured to the floor.  The carbon tubing held the LVDT
device, and measured horizontal motion with respect to a
flat on the invar tubing.  With this setup, floor or steel

motions do not affect the relative motion of the invar and
the carbon tubes.  These measurements yield a carbon
fiber thermal expansion coefficient value of
approximately 1.e-6 inch/inch °C.  This coefficient is
sufficiently small that errors associated with thermal
motion in the ring will be on the order of a couple of
microns.

The support stand reported on here consists of a vertical
member approximately  60” high, with a 3.25 inch outer
diameter and  0.25” wall thickness. A horizontal member
(clamped to the vertical tubing at ≈ 55” off the floor) is
approximately 25” long, with a  1.50 inch outer diameter
and 0.25” wall thickness.  At the end of the horizontal arm
is a graphite piece which can hold two LVDT devices, one
held in the vertical orientation for vertical motion
measurements, and the other held in the horizontal
orientation for horizontal motion measurements.  The
relative positions of these LVDT’s are matched to the
vacuum chamber dimensions of the X-Ray Ring at the
NSLS.  Two carbon stands were fabricated for testing.  In
order to measure their behavior as a function of
temperature and time, motion with respect to a 4 inch
diameter invar tube with machined flats was recorded.
The stands were positioned on opposite sides of the invar
tube, and bolted to a granite table. Measurements of the
stand motions and air, stand and granite temperature were
recorded during the room temperature changes resulting
from the disabling of the heating and air conditioning
controls.   Air temperature changes of up to seven degrees
were measured.

The results obtained by the aforementioned tests were
complicated by the fact that the granite itself has a quite
large thermal expansion coefficient, approximately ten
times that of the carbon tubing.  Thus, the behavior of the
stands was largely a function of the granite temperature
changes.  This can be seen in Figure 2, where data taken
over 6.5 days is compared with data taken over 11 days.
The range in the horizontal and vertical stand motion
roughly doubled, as the range of the granite temperature
changed by 85% and the range of the air temperature
changed by 16%. Thus, since the dependence on
temperature should be linear, it appears that the behavior
of the stands is dominated by the granite support to which
the stands are bolted.  A function to predict the stand
motion was contrived, which assumes linear motion
associated with  temperature changes in the stand and the
graphite separately, and assumes a fixed ratio between the
thermal expansion coefficients.  With this, the predicted
behavior in the horizontal plane is within 10 microns of
the actual behavior, which goes through a 70 micron range
of motion during the 7° air temperature change.  This
agreement is quite good, given that the behavior of the
materials is actually quite complex due to  temperature
gradients within the granite slab.
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Figure 2 The horizontal and vertical motion recorded by
one carbon fiber test stand compared with another carbon
test stand.  The upper data is the horizontal motion, and
the lower data is the vertical motion. The lighter grey data
was collected over an 11 day period, during which there
was a 7° air temperature change, and a 4.8° temperature
change in the granite.  The darker data points represent 6.5
days of data, with a 5.6° air temperature change and a 2.8°
temperature change in the granite.

Because of this large temperature effect associated with
the granite table, the behavior of  the two test stand
motions were compared to each other to measure the
stability of the stands as a function of temperature and
time.  Any undesirable behavior in the stability of the
stands should not be simultaneously seen in both of the
two tested stands.   As can be seen in Figure 2, over the
course of an 11 day period, the two stands tracked each
other in both the horizontal and the vertical directions
within +/− 5 microns.   This level of stability over such a
long term (11 days) is excellent.  Actually, the relevant
time scale for actual use of these stands is the twelve hour
fill period of the X-Ray Ring.  Over this time, the stands
track each other to within a couple of microns.  Given
these test results, current plans are to re-measure both
vertical and horizontal ring movements at several
locations with these improved stands, and test
incorporation of this data into the feedback system during
study periods at NSLS.

4 SUMMARY
In summary, measurements have been performed which
indicate that significant improvement in the radiation
beam stability can be expected when the motion of the
vacuum chamber is accounted for.  This is seen through
comparison of beam motion predictions based on strictly
BPM measurements, and on BPM and vacuum chamber
motion measurements. Thus, very accurate chamber
motion measurements are required.  Stable support stands
have been built and tested, with long term stability results
on the order of several microns.  Presently,  measurement
of the chamber motion with these improved stands, and
utilization of the data in the orbit feedback system is being
implemented in certain areas within the X-Ray Ring at
NSLS.
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